Background and ObjectiveaaIt is not well known whether sleep disturbances affect quality of life (QoL) independent of mood disturbance in people with epilepsy. The aim of this study was to investigate the prevalence of sleep disturbances and the impact on QoL in people with epilepsy. MethodsaaThis was a cross-sectional study involving adults with epilepsy and controls. Sleep disturbances, depression, anxiety, and QoL were assessed using several questionnaires. The direct effect of sleep disturbance on QoL was assessed using multiple linear regression analysis, and a mediational model designed with the assumption that sleep disturbances affect QoL through a mediator was tested. ResultsaaA total of 168 people with epilepsy and 56 controls were enrolled. Difficulty maintaining sleep (16.1%) and waking up too early in the morning (13.1%) were more common in patients than controls (p < 0.05). There were no differences in daytime sleepiness, sleep apnea, and restless legs syndrome between the groups. Patients had more sleep problems in the Medical Outcomes Study-Sleep Scale than controls. The effect of sleep disturbance on Quality of Life in Epilepsy 10 (QOLIE-10) lost its statistical significance (β = -0.021, p = 0.769) after controlling for Hospital Anxiety and Depression Scale (HADS). The Sobel test confirmed that the effect of sleep disturbance on QOLIE-10 was significantly mediated by both HADS-depression (β = -0.195, p < 0.001) and HADS-anxiety (β = -0.265, p < 0.001). ConclusionsaaSleep disturbances, especially insomnia, were more common in people with epilepsy. Although sleep disturbance seems to have no direct effects on QoL, it appears to have an indirect effect on QoL through depression and anxiety in people with epilepsy. 
INTRODUCTION
Sleep is essential to the health and quality of life (QoL) of all individuals and is of particular relevance to people with epilepsy. The reciprocal interaction between sleep and epilepsy was recognized long ago. Sleep disturbances such as poor sleep quality, sleep deprivation and/or obstructive sleep apnea (OSA) could easily provoke seizure recurrence, whereas epilepsy may disrupt sleep, either directly through seizures and epileptiform activity, or indirectly through medication-related effects. 1 Some case-control studies found that poor sleep quality, difficulty sleeping, and/or excessive daytime sleepiness (EDS) are two to three times more common in people with epilepsy than in healthy controls. [2] [3] [4] Khatami et al., 5 however, found that sleep-wake habits and the frequency of most sleep disorders are similar in non-selected adults with epilepsy compared to healthy controls. The results from these studies are often not directly comparable, as the studies often used different questionnaires and heterogeneous patient populations, and were often complicated by the presence of various antiepileptic drugs (AEDs). 1 Although the prevalence of sleep disturbances in people with epilepsy has been reported to vary depending on study population and methods to detect their sleep problems, sleep disturbance was consistently found to be an important predictor of QoL in people with epilepsy. 3, 6, 7 However, it is unclear whether sleep disturbances affect QoL independent of mood disturbance. The strong relationship between depression and QoL has been well demonstrated in previous studies. 8, 9 For example, depression has a greater negative impact on QoL than other clinical indicators such as seizure frequency. 8, 10 In light of the strong association between mood and sleep disturbances, they may be interdependent in their influence on QoL in people with epilepsy. 6 We addressed this possibility by assuming that the effects of sleep disturbance on QoL are mediated by depression or anxiety, with a greater influence on QoL and analyzed our data using linear regression and a mediation test.
The purposes of this study were 1) to explore sleep disturbances in people with epilepsy and to assess whether sleep disturbances in this population are more frequent than in the control group, 2) to determine which clinical seizure variables are associated with sleep disturbances, and 3) to assess the direct or indirect effects of sleep disturbances on QoL in people with epilepsy.
METHODS
People with epilepsy were recruited from five university hospitals in Korea over a period of 2 months. All participants were selected at the outpatient clinics for inclusion in the study only if they were aged 18 or older, had been diagnosed with epilepsy, and had been taking one or more AEDs for at least 1 year at the time of recruitment. Epilepsy was defined as a history of two or more unprovoked seizures or a single seizure with evidence of epileptiform activity recorded by electroencephalogram or structural lesions documented by brain imaging. Subjects were excluded if they had reported a seizure in the 48 h before completing the questionnaires, if they were shift workers or worked later than 8 p.m., if they had a neurological deficit that affected daily living activities, if they had received treatment for active psychiatric or medical disorders, or if they were unable to read or understand the questionnaires.
People with epilepsy who fulfilled the criteria and agreed to participate in this study were asked to complete a set of sleep questionnaires on the day they visited their neurologists at the outpatient clinic. Demographic and clinical data were collected by interviews and from information in medical files, and were used as confounding variables in the statistical analysis. All participants indicated whether they were regularly taking hypnotics or sedative drugs for treatment of their sleep disturbance. Demographic data were age, sex, and body mass index (BMI). Epilepsy-related data were age at seizure onset, epilepsy duration, type of epilepsy (idiopathic generalized, symptomatic, cryptogenic, or undetermined epilepsy), dominant seizure type (simple partial, complex partial, or generalized tonic-clonic seizures), frequency of both generalized and focal seizures (no seizure for at least one year, 1-11/month, or monthly seizures), recurrence of generalized tonic-clonic seizure in two years, timing of seizure recurrences (nocturnal seizure defined as having more than 90% of seizures during sleep) and AED treatments (monotherapy vs. polytherapy). Written informed consent was obtained from all subjects.
Age and gender matched controls were also recruited among employees at a single university hospital, and were asked to complete a set of sleep questionnaires. The inclusion criteria were normal healthy people aged > 18 years who had a BMI < 30 kg/ m 2 , no history of medical or surgical diseases, and not currently taking any medications. Subjects who were shift workers or worked later than 8 p.m., those who slept less than 7 hours a night, or those with symptoms suspicious of cataplexy, or parasomnia were excluded.
Questionnaires

Insomnia questionnaires
Questions about insomnia were asked and respondents were required to give a yes or no answer to each of the questions. Insomnia symptoms were defined as present if a patient had any one of three insomnia complaints that lasted longer than one month and occurred at least once a week: 1) difficulty falling asleep, 2) difficulty maintaining sleep (i.e., waking up during the night and difficulty getting back to sleep), and 3) waking up too early in the morning and unable to return to sleep.
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Epworth Sleepiness Scale
The Epworth Sleepiness Scale (ESS) is the most widely used questionnaire to assess subjective daytime sleepiness. The ESS contains eight questions about how often a person dozed during day-to-day activities, answered on a 4-point scale ranging from 0 = never dozed to 3 = high chance of dozing. An ESS score ≥ 11 is considered indicative of EDS. We used the Korean version of the ESS.
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Sleep Apnea of Sleep Disorder Questionnaire
The Sleep Apnea of Sleep Disorder Questionnaire (SA-SDQ) consists of eight questions and four items related to weight, smoking status, age, and BMI, which are calculated to generate a raw score. 13 The eight questions address the specific symptoms of sleep apnea syndrome including snoring loudly, breathing arrest during night sleep, awaking suddenly gasping for breath, sweating during night sleep, high blood pressure, blocked nose when wanting to sleep, snoring, breathing worsening when sleeping on the back, and snoring/breathing worsening when sleeping after alcohol use. Total scores range from 0 to 60. The sug-gested cut-off points for identifying Korean patients with suspected OSA are 36 for men and 30 for women. 14 We used cut-off points of 29 for men and 26 for women, as has been suggested for people with epilepsy. 15 
Restless legs syndrome questionnaire
The questionnaire included four diagnostic criteria proposed by the International Restless Legs Syndrome (RLS) Study Group: 1) desire to move the extremities, often associated with paresthesias/dysesthesias, 2) motor restlessness, 3) worsening of symptoms at rest with at least temporary relief by activity, and 4) worsening of symptoms in the evening or at night. 16 Only patients who fulfilled the four criteria for RLS were considered as having RLS.
Medical Outcomes Study-Sleep Scale
The Medical Outcomes Study (MOS)-Sleep is one of the most widely used scales for evaluating broad-spectrum sleep quality. 17 It is a self-administered, non-disease specific scale for assessing information pertaining to not only sleep quality but also sleep quantity. The MOS-Sleep consists of 12 items related to sleep, and all questions are combined to form 6 subscales: Sleep Disturbance, Snoring, Short of Breath (awakening short of breath or with a headache), Sleep Adequacy, Daytime Somnolence, and Sleep Quantity. The Sleep Problems Index (SPI) is a composite score drawn from 9 items of four subscales, namely Sleep Disturbance, Short of Breath, Sleep Adequacy, and Daytime Somnolence. Responses to the individual questions were transformed to a 0-100 scale according to manual instructions. 18 With the exception of the Sleep Adequacy subscale, higher scores represent worse sleep outcomes. Sleep Quantity was based on the average number of hours of sleep per night during the previous 4 weeks. We used the Korean version of the MOSSleep Scale.
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Quality of Life in Epilepsy 10
The Quality of Life in Epilepsy (QOLIE)-10 consisted of 10 items and was derived from the QOLIE-31. 19 The QOLIE-10 comprises seven components: five of them correspond to a single item from each of five subscales (seizure worry, overall QoL, emotional well-being, energy/fatigue, and cognitive functioning), one component includes two items on medication effects (physical effects and mental effects), and the last component includes three items on social function (work, driving, and social limits). Higher score in the QOLIE-10 indicates a better QoL in people with epilepsy. We used the Korean version of the QOLIE-10. . Each item has a 4-point response set, ranging from 0 for no distress to 3 for significant distress. 21 For each subscale, the following cut-off points were used: 0-7, normal; 8-10, mild disturbance; and 11-21, moderate to severe disturbance.
Statistical Analyses
To compare sleep problems between people with epilepsy and normal controls and to determine the relationships between clinical seizure variables and sleep problems, univariate analyses were performed using the student t test, Pearson correlation analysis, and chi square test. To assess the impact of poor sleep quality measured by SPI on the QOLIE-10, linear regression analyses were performed in an unadjusted model (model 1), in model 2 (after controlling for demographic and seizure-related variables), and model 3 (after controlling additionally for depressive mood and anxiety). Variables that showed p-values < 0.05 in the univariate linear regression analysis were included in a multiple linear regression analysis. Clinical variables tested were age, sex, and BMI. Seizure-related variables were age at seizure onset, epilepsy duration, epilepsy classification, dominant seizure type, frequency of both generalized and focal seizures, recurrence of generalized tonic-clonic seizure in the last two years, and AED treatments. Significance was set at p < 0.05. IBM Statistical Package for the Social Sciences 21.0 software (IBM Inc., Armonk, NY, USA) was used to perform these statistical analyses.
We also employed the mediational model, which proposes that poor sleep quality affect QoL via mediators such as depressive mood or anxiety. Evidence for mediation is considered sufficient if the relationship between sleep quality and QoL decreases when the effects of the mediators are controlled. Mediation effects were assessed using the Sobel test, which was performed using the R statistics program (version 2.14.2) and the "bda" package.
RESULTS
A total of 168 people with epilepsy were enrolled in this study. Their demographic and epilepsy-related characteristics are summarized in Table 1 and 2. The control group consisted of 56 employees at an university hospital. There were no differences in age and gender between the patient and control groups ( Table 1 ). The patient group had a significantly higher BMI than the controls (p < 0.001), and had a lower employment rate than the control group (p < 0.001).
Among a total of 168 people with epilepsy, about 40% (n = 67) had been seizure-free for at least one year, whereas 60% (n = 101) had experienced seizures within the last year (Table 2) . Sixteen percent (n = 27) reported having one or more seizures a month, and 15.5% (n = 26) had more than 90% of seizures during sleep. With regard to AED treatment, 47.6% (n = 80) had been on monotherapy, and 52.4% (n = 88) had been on polytherapy. Valproic acid, lamotrigine, and carbamazepine were the most common drugs among the patients. Depressive mood and anxiety were observed in 42.0% (n = 66) and 35.4% (n = 56) of the patient group, respectively ( Table 2) .
Comparison of Sleep Problems between Patient and Control Groups
The prevalence of sleep problems are shown in Table 3 . There were significant differences in insomnia symptoms: difficulty maintaining sleep (16.1%) and 'wake up too early in the morning and cannot get back to sleep' responses (13.1%) were more common in the patient group than in the control group (5.4% and 1.8%, respectively) (both p < 0.05). Difficulty initiating sleep was also more common in the patient group, but did not reach a statistically significant level (p = 0.093). There were no differences in the prevalence of EDS, OSA, and RLS between the patient and control groups (Table 3 ). In the MOS-Sleep Scale, patients had more sleep problems in Sleep Disturbance, Shortness of Breath, and SPI than the control group (all p < 0.05).
Seizure-Related Factors Associated with Sleep Quality
Age at seizure onset was negatively related to scores of SPI and Sleep Disturbance (both p < 0.05) ( Table 4) . Patients with simple partial seizures had higher SPI and Daytime Somnolence scores than those with complex partial or generalized tonic-clonic seizures (both p < 0.05). Patients without generalized tonic-clonic seizures for the last two years had more daytime sleepiness compared to those with generalized tonic-clonic seizures (p < 0.05). Absence of nocturnal seizures were significantly related to higher score of Daytime Somnolence than the presence of nocturnal seizures (p < 0.05). Patients free of seizures for at least one year had more sleep quantity than those without seizure remission (p < 0.05).
The Effect of Poor Sleep Quality on QoL in People with Epilepsy
Among the demographic and clinical seizure variables, age, seizure frequency, dominant seizure type, and AED treatment were significantly associated with QOLIE-10 scores. Unadjusted Model 1 showed a significant effect of SPI on lower QOLIE-10 scores (p < 0.001) ( Table 5) . After controlling for demographic and seizure variables (Model 2), SPI remained statistically sig- 
DISCUSSION
We performed a questionnaire-based study to evaluate the prevalence of sleep disturbances and their impact on QoL in people with epilepsy. Sleep disturbances, especially insomnia, were more common in the patient group than in the control group. Although sleep disturbance measured by SPI had no direct effects on QOLIE-10, it had an indirect effect on QOLIE-10 through HADS-D and HADS-A.
One of the clearly reproducible findings from previous studies [2] [3] [4] is that people with epilepsy, regardless of the syndrome, have many sleep-related complaints. In the present study, insomnia symptoms, especially difficulty maintaining sleep and waking up too early, were also more common in the patient group compared to controls. These findings are partially in agreement with the previous study 5 showing that sleep maintenance insomnia was more frequent in epilepsy patients (52%) than in controls (38%) (p = 0.060). In addition, sleep disturbance, quantified by SPI of MOS-Sleep Scale, was found to be more severe in epilepsy patients than controls. In contrast to previous studies 22 as well as to our studies, Khatami et al. 5 showed that with few exceptions (sleep maintenance insomnia, nightmares, and bruxism), sleep-wake habits and frequency of sleep disorders were similar between people with epilepsy and controls. This result was probably because their control group, recruited from hospital staffs, may be at least somewhat biased by higher sleep complaints. In general, employees in Korea tend to sleep less than 7 hours a night, probably because they work very hard. This social trend of sleep insufficiency is not unusual among full-time employees in Korea. This trend was also found to be significant in the patient subgroup with and without seizure remission. Patients free of seizures for at least one year had shorter sleep times (6.9 h) than those who were not (7.4 h). Therefore, we excluded subjects with sleep time less than 7 hours a night from the control group.
We found an EDS prevalence of 25.2% in the patient group, and found no differences between the patient and control groups. In a recent literature review, 23 the prevalence of EDS in epilepsy was found to vary from 10 to 48%. In general, this prevalence was higher than 11.6% in the general population. 24 Some studies 25 found significant differences in the prevalence of EDS between the patient and control groups, but other studies 5 did not. This discrepancy may be attributed to differences in patient samples.
Sleep Apnea of Sleep Disorder Questionnaire screening cutoffs that are slightly lower (29 for men and 26 for women) than those used in the general population may be more suitable for OSA diagnosis in epilepsy patients. 15 Using these lower cutoffs, OSA prevalence in our sample was found to be 21.5%, which was lower than the 28.2% to 35% in previous studies 4, 5, 26 using the same cutoff scores in unselected epilepsy patients. The relatively lower BMI in our sample compared to western countries may also contribute to lower OSA prevalence in this study. In addition, it should be mentioned that the SA-SDQ is not a diagnostic tool and should only be used to screen individuals for OSA. 13 Polysomnographic investigation of unselected adults with epilepsy found an OSA prevalence of 10.2%. 27 Some seizure-related factors such as seizure types, recurrence of generalized tonic-clonic seizures within the last two years, seizure freedom for at least one year, and presence of nocturnal seizures were significantly related to one or more subscales of MOS-Sleep, but the direction of effect was the opposite of what we expected. For example, patients with simple partial seizures had higher SPI and Daytime Somnolence scores than 22 stated that patients who had experienced a seizure within the past week reported higher sleep problems than those with a less-recent seizure.
Sleep disturbances are known to have negative influences on mood and QoL in the general population. 28, 29 Epilepsy patients could be more susceptible to sleep disturbances because epilepsy itself is frequently associated with mood disturbances and impairment of QoL. 30 We found a significant relationship between sleep disturbances and QoL, which was in agreement with previous studies. 3, 4 De Weerd et al. 3 found that in partial epilepsy populations, patients with subjective sleep disturbances had lower mental and physical SF-36 QoL than those without sleep disturbances. The authors stated that these differences exceeded the thresholds for minimally important changes in epilepsy patients. Thus, they suggested that sleep disturbances in people with epilepsy adversely affect their QoL beyond that attributable to epilepsy and its treatment alone. Piperidou et al. 4 also found that epilepsy patients with sleep disturbances, mainly those with insomnia, had significantly poorer QoL than those without sleep disturbances.
It is not well known whether sleep disturbances affect QoL independent of mood disturbance in people with epilepsy. In the present study, the effect of sleep disturbances, measured by the MOS Sleep Scale, on QoL lost its statistical significance after controlling for depressive mood and anxiety. This means that sleep disturbances did not have a direct effect on QoL in our sample. However, sleep disturbances were found to have indirect effects on QoL, mediated by depressive mood and anxiety symptoms. These findings were inconsistent with the recent study by Kwan et al., 6 which employed a structural equation model to show that anxiety, depression, sleep disturbance, lack of seizure for four weeks prior to evaluation, and a number of current AEDs have direct (unmediated) effects on QoL. They also did not find an indirect effect of sleep disturbance on QoL through depressive symptoms, whereas symptoms of anxiety and sleep disturbance were mutually dependent. Their findings did not exclude the possibility of a relationship between depressive symptoms and sleep disturbance because interrelationships can change depending on the factors used to construct a structural equation model. Therefore, further studies are needed to determine how changes in one factor will affect others in a prospective longitudinal study.
Although sleep disturbances have been known to be more common in people with epilepsy than in healthy controls. [2] [3] [4] it is unclear which and by how much clinical seizure variables affect sleep quality. We found no strong relationship between clinical seizure variables and sleep disturbances, quantified by the MOS Sleep Scale. These findings were in agreement with the report by Xu et al. 22 showing that the frequency of seizures within the past year or the number of AEDs did not have a statistically significant relationship with sleep disturbance. Exceptionally, they found that patients with a seizure within the past week had more sleep disturbances, quantified by the MOS Sleep Scale, than those whose most recent seizure occurred more than a week ago. 22 One explanation for this finding may be attributed to the fact that the main limitation of the MOS Sleep Scale is its retrospective nature and the associated risk of recall biases. 31 It may be that people with epilepsy recall and generalize their experiences beginning from the night that was disturbed by seizure recurrence in the past week, resulting in an overestimation of sleep disturbance.
This study has several limitations. First, formal and standardized diagnostic criteria were not used for sleep disturbance in this study. Second, the study population was derived from a group of patients receiving treatment at university hospitals. They likely have more severe seizures compared to people with epilepsy in primary clinics. Therefore, some findings of this study may not be generalizable to well controlled patients on monotherapy or patients with idiopathic generalized epilepsy. Third, AEDs are known to influence sleep structure and it is often suggested that sleep problems in people with epilepsy are at least partly due to AEDs. 32 However, this study did not consider the effects of individual AEDs on sleep disturbances. Last, this study was based on a self-reported questionnaire. Therefore there is a risk of recall bias.
In conclusion, sleep disturbances, especially insomnia, are more common in people with epilepsy. Although sleep disturbance seems to have no direct effects on QoL, it has an indirect effect on QoL through depressive mood and anxiety symptoms in people with epilepsy. Therefore, more comprehensive efforts to avoid sleep deprivation and achieve good sleep quality are needed to improve QoL in people with epilepsy.
